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[57] ABSTRACT 

A method of forming a dispenser for delivering a benefi- 
cial agent to a biological environment. A beneficial 
agent and an expandable composition are placed in a 
capsule made of fluid dissolvable material. The capsule 
is closed and surrounded by a semipermeable wall 
which is permeable to fluid but not to the beneficial 
agent Then a passageway is drilled in the capsule be- 
tween the exterior and the interior which contains the 
beneficial agent 

. 4 Claims, 3 Drawing Sheets 
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U.S. Pat No. 4,350,271 discloses a fluid dispenser that 
PROCESS FOR MAKING DISPENSER WITH operates by absorbing water into a composition that 
COOPERATING ELEMENTS expands against a lipophilic fluid that is dispensed via an 

outlet 

CROSS-REFERENCE TO RELATED APPLI- 5 While the above dispensers are useful for delivering 
CATION numerous agents to the environment of use, and while 

This application is a division of U.S. Ser. No. 591,824 the dispensers represent a commercial advancement in 
filed on Mar. 21, 1984, now abandoned. the dispensing art, it will be appreciated by those skilled 

FIELD OF THE INVENTION in the art that there are instances where a dispenser 

10 made with an inventively novel improvement would 

This invention pertains to both a novel and useful also enjoy wide commercial use and application in the 
dispenser. More particularly, the invention relates to a dispensing art. For example, if a dispenser is provided 
dispenser comprising a semipermeable wall that sur- having an initial internal capsule arrangement that 
rounds in at lease a part (a) or (b) a thermo-responsive makes the manufacture of the dispenser easier and more 
beneficial agent formulation and an expandable driving 15 efficient at a reduced cost, and if the dispenser is made 
member. The members comprising the dispenser per- without a flexible bag and without a fabric member, 
form in unison for delivering the beneficial agent at a tbm ^ providhlg m improvement in the dispenser by 
controlled rate to an environment of use over time. rcdudng ^ number of ^ ^ parts ncaJc dto make 
BACKGROUND OF THE INVENTION , 0 dispenser, such a dispenser would have immediate 

r j i« • u ■ i * * acceptance, and it would also represent a major ad- 
Dispensers for delivering a beneficial agent to an „„„ • ^ „ w T r j • 
. Jy A c * . *. • c vancement m the art. Likewise, if a dispenser is pro- 
environment of use are known to the dispensing art. For . . , + A _ ,« ' v \. 
example, U.S. Pat No. 3,760,984 issued to patentee ^ that overcomes the poor art dispenser limitation 

Tlieeuwes discloses a dispenser consisting of a heat f deb ^ g m A r " ' m P enSl0n 

shrinkable container czr^on its outer surface an 25 fo ^ b * * e ^f*** ?°. w Bering agents that are 

osmotic solute and a distant layer of a polymer permea- «^ « * sct^sohd or like forms 

ble to fluid. The dispenser has a phig for filling the s ? ch a dls P enser would enjoy instant appreciation and 

container. The dispenser is powered by fluid being im- ^ rc P rcscnt * vah ? ble contribution in the fields of 

bibed into the dispenser, wherein it dissolves the solute, Maenc * medlcme commerce 

thereby forming a solution that exerts pressure against 30 OBJECTS OF THE INVENTION 

the shrinkable container, causing it to shrink and deliver . , . . 

agent from the dispenser. In U.S. Pat No. 3,865,108 Accordingly, it is an immediate object of this inven- 

patentee Hartop discloses a dispenser consisting of an tion to P rovide a dispenser for delivering beneficial 

inner collapsible tube containing a medicament disposed a * ents m ^ forms t0 environments of use, with a 

in a base member formed of a swellable material. The 35 novel dispenser that represents an improvement in the 

dispenser delivers the medicament by the base and parts dispenser art. 

absorbing fluid from the environment, thereby expand- Another object of the invention is to provide a dis- 
ing and squeezing the collapsible tube causing the medi- penser that is self-contained, self-starting, and self-pow- 
cine to be expelled from the tube. In U.S. Pat. No. ered m fluid environments, is easy to manufacture, and 
3,971,376 patentee Wichterle discloses a dispenser con- 40 can °e uscd for dispensing beneficial agents to animals, 
sisting of a capsule having unitary walls formed of a including humans, and to other biological and non-bio- 
cross-linked gel that is swellable in fluids. A textile logical environments of use. 

fabric is imbedded in the material for imparting strength Another object of the invention is to provide a dis- 

and minimizing problems due to poor 'mechanical prop- penser that can house a thermo-responsive, hydropho- 

erties associated with the material that show themselves 45 oic composition comprising insoluble to soluble drugs, 

during fluid uptake used to power the dispenser. In U.S. which thermo-responsive composition in response 

Pat No. 3,987,790, patentees Eckenhoff, et al., disclose f° ^e temperature of a biological environment changes 

an improvement in an osmotic dispenser consisting of a fts form and becomes fluid, semi-solid, or the like for 

conduit for filling a bag in the dispenser. The dispenser enhanced delivery from the dispenser, 

is powered by an osmotically effective solute imbibing 50 Yet another object of the invention is to provide a 

fluid into the dispenser, which imbibed fluid generates dispenser having an initial, internal capsule arrangement 

hydraulic pressure that is applied against the bag, caus- that makes it easier to manufacture the dispenser at a 

ing it to squeeze inwardly forcing agent from the dis- lesser cost, thereby increasing the practicality of the 

penser. In U.S. Pat No. 3,995,63 1, patentees Higuchi, et dispenser. 

al, disclose a bag bearing on its outer surface a layer of 55 Yet another object of the invention is to provide a 
an osmotic solute, and a distant wall formed of a mate- dispenser comprising a lumen containing a temperature- 
rial having part controlled permeability to fluid. In sensitive composition, an expandable member in parallel 
operation, a solution is formed of the solute, which arrangement with the temperature-sensitive composi- 
solution squeezes against the bag thereby causing deliv- tion, an inner capsule containing the composition and 
ery of the agent from the bag. In U.S. Pat No. 4,320,758 60 the member in the lumen of the capsule, an outer semi- 
patentees Eckenhoff, et al., disclose a dispenser consist- permeable wall surrounding in at least a part, the cap- 
ing of a flexible bag, a sleeve made of a dispersion of an sule, and a dispensing passageway, and which dispenser 
osmotically effective solute in a soluble polymer, and an delivers the composition by the combined physical- 
outer wall permeable to fluid. The dispenser delivers chemical operations of the composition melting and 
drug by the sleeve imbibing water into the space be- 65 becoming fluid to semisolid or the like, with the compo- 
tween the outer wall and the bag, thereby exerting sition maintaining an immiscible boundary at the ex- 
hydraulic pressure on the bag, which pressure causes panding member interface, and the expanding member 
the bag to be squeezed and delivers drug from the bag. swelling into the space occupied by the composition to 
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displace an equivalent amount of composition from the 
dispenser. 

Yet another object of the invention is to provide a 
dispenser that is empty until filled with a solid composi- 
tion that liquifies at elevated temperatures, and when 5 
filled can administer the composition that liquifies as a 
complete pharmaceutical dosage regimen for a period 
of time, the use of which requires intervention only for 
the initiation and the termination of the regimen. 

Yet another object of the invention is to provide a 10 
dispenser that can deliver beneficial drugs contained in 
a thermo-responsive, lipophilic pharmaceutically ac- 
ceptable carrier that melts in the presence of thermal 
energy absorbed from a biological environment of use 
into the dispensable composition that is innocuous, IS 
thereby substantially avoiding mammalian tissue irrita- 
tion and interaction with mammalian protein tissue. 

Still another object of the invention is to provide an 
osmotic dispenser containing a eutectic composition 
formed of at least two components and at least one 20 
drug, which eutectic composition has a melting point 
approximately the same as the temperature of a warm 
blooded animal, and is dispensed from the dispenser to 
the animal at said temperature. 

Yet another object of the invention is to provide a 25 
dispenser comprising an inner placed capsule housing a 
thermo-responsive hydrophilic composition comprising 
insoluble to soluble drugs, and which thermo-respon- 
sive composition in response to energy input present in 
a biological environment of use, changes its form and 30 
becomes dispensable for operative delivery from the 
dispenser. 

Yet another object of the invention is to provide a 
dispenser comprising an inner capsule containing a ther- 
moplastic composition and an expandable component, 35 
and which composition includes a beneficial agent that 
is chemically unstable in an aqueous environment and 
can be housed in the dispenser in a nonaqueous dispens- 
ing carrier, which agent is shielded in the nonaqueous 
carrier during delivery from the dispenser. 40 

Yet another object of the invention is to provide a 
dispenser comprising a semipermeable wall surrounding 
in at least a part a compartment containing a thermo- 
responsive composition containing an- active agent, and 
means for urging the composition through a passage- 45 
way that connects the compartment with the exterior of 
the dispenser. 

Other objects, features and advantages of the inven- 
tion will be more apparent to those skilled in the dis- 
pensing art from the following detailed description of 50 
the specification, taken in conjunction with the draw- 
ings and the accompanying claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, which are not drawn to scale, but are 55 
set forth to illustrate various embodiments of the inven- 
tion, the drawing figures are as follows: 

FIG. 1 is a view of a dispenser designed with a one- 
piece configuration and manufactured for orally admin- 
istering a beneficial drug to a warm-blooded animal; 60 

FIG. 2 is an opened view of the dispenser of FIG. 1 
through the vertical length of the dispenser, for illus- 
trating the internal compartment containing a thermo- 
dynamic thermo-responsive member and the expand- 
able member forming the dispenser and manufactured 65 
as an integral system; 

FIG. 3 is an opened view of the dispenser of FIG. 1 
and FIG. 2 with FIG. 3 depicting the dispenser com- 
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prising a semipermeable wall surrounding a compart- 
ment charged with the temperature sensitive composi- 
tion and a driving member in operation and dispensing 
a beneficial agent; 

FIG. 4 is a view of a dispenser comprising two tele- 
scoping parts and manufactured for delivering a benefi- 
cial agent over time; 

FIG. 5 is an opened-sectioned view of FIG. 4 com- 
prising the body portion of the dispenser free of the 
telescopically engaging cap portion of the dispenser; 

FIG. 6 is an opened-section view of FIG. 4 depicting 
the body portion telescopically capped by an engaging 
cap portion, with the lumen of the dispenser charged 
with a temperature-sensitive agent containing composi- 
tion and an expandable, driving member; 

FIG. 7 is an opened-sectioned view of the dispenser 
of FIG. 4 and FIG, 6 illustrating in FIG. 7 the dispenser 
comprising a semipermeable wall surrounding a com- 
partment and in operation delivering a beneficial agent 
over time; 

FIG. 8 is an opened view of the body portion of a 
capsule comprising an expandable, swellable plug in the 
mouth of the capsule; 

FIG. 9 is an opened view as seen in FIG. 8 of the 
body portion of a capsule comprising an expandable, 
swellable plug in parallel arrangement with a thermo- 
sensitive agent containing composition; and, 

FIG. 10 is a graph depicting the release pattern of a 
drug formulation from a dispenser over a prolonged 
period of time. 

In the drawings and the specification, like parts in 
related figures are identified by like parts. The terms 
appearing earlier in the specification and in the descrip- 
tion of the drawings, as well as embodiments thereof, 
are further detailed elsewhere in the disclosure. 

DETAILED DESCRIPTION OF THE 
DRAWINGS 

Turning now to the drawing figures in detail, which 
are examples of new and useful dispensers for dispens- 
ing a beneficial agent, and which examples are not to be 
construed as limiting, one example of a dispenser is 
depicted in FIG. 1 identified by the numeral 10. In FIG. 
1 dispenser 10 comprises a body 11 formed of a wall 12 
that surrounds and defines an internal lumen or space, 
not seen in FIG. 1, and a passageway 18 indicated by 
dashes. 

FIG. 2 is an opened view of dispenser 10 of FIG. 1. 
Dispenser 10 of FIG. 2 comprises body 11 and wall 12. 
Wall 12 is formed of a semipermeable polymeric wall 
forming composition that is substantially permeable to 
the passage of external fluid, and it is substantially im- 
permeable to the passage of beneficial agent and other 
ingredients contained in dispenser 10. Wall 12 is non- 
toxic and it maintains its physical and chemical integ- 
rity, that is it doesn't erode during the dispensing per- 
iod. Dispenser 10 is made in its final manufacture com- 
prising a single unit capsule 13. That is capsule 13 can- 
not be easily separated into parts. Capsule 13 and subse- 
quent use of the term capsule implies either hard or soft 
in structure as. embodied herein. Further, in FIG. 2, 
capsule 13 surrounds an internal lumen or space 14. 
Lumen 14 contains a beneficial agent 15, identified by 
dots, a thermo-responsive heat sensitive composition 16, 
identified by wavy lines, and a driving member 17 that 
is in layered contact with the surface of composition 16. 
Driving member 17 in a preferred embodiment is an 
expandable member 17 has a shape that corresponds to 
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the internal shape of capsule wall 13 and compartment the end of an agent delivery period. The melting of 

14. Expandable member 17 in a layer-form is made from composition 16, the immiscibflity of composition 16 

a hydrogel composition, that is noncross-Hnked or op- . with member 17 and the swelling, filling, and expansion 

tionally cross-linked, and it possesses osmotic proper- of means 17, with its accompanying increase in volume 

ties, such as the ability to imbibe an exterior fluid 5 as seen in FIG. 3, along with the simultaneous corre- 

through semipermeable wall 12 and exhibit an osmotic sponding reduction in volume of compartment 14 as 

pressure gradient across semipermeable wall 12 against seen in FIG. 3, assures the delivery of agent 15 at a 

a fluid outside dispenser 10. In another embodiment controlled rate and continuously over time, 

driving member 17 can be a solid osmotically effective FIG. 4 illustrates a dispenser 20 comprising two 

solute that imbibes fluid through semipermeable wall 10 parts, a body member 21 and a cap member 22 manufac- 

12. Dispenser 10 is made with a passageway 18 in semi- hired into a unit dispenser. Dispenser 20 is made conve- 

permeable wall 12 and through capsule 13. Passageway niently in two parts with one part 22 slipping over and 

18 communicates with compartment 14 and the exterior capping the other part 21. Parts 21 and 22 completely 

of dispenser . 10 for delivering beneficial agent 15 from surround and capsulate an internal lumen, not seen in 

dispenser 10. 15 FIG. 4. Dispenser 20 also includes a passageway 30, 

In FIG. 2, thermo-responsive, heat-sensitive compo- indicated by dashes, 

sition 16, is a delivery means and a transporting carrier FIG. 5 is an opened view of the uncapped dispenser 

for beneficial agent 15. The beneficial agent 15 is housed of FIG. 4. In FIG. 5, dispenser 20 comprises a body 

in compartment 14 that can be delivered by dispenser member 21 consisting essentially a semipermeable wall 

10, includes agents that are from insoluble to very solu- 20 23 that surrounds in at least a part and intimately 

ble in both aqueous fluids and in lipophilic medium. contacts internal body capsule 21, except at mouth 25 of 

The thermo-responsive composition 16, containing capsule 21. The capsule used for forming the dispenser 

agent 15 homogeneously or heterogeneously dispersed comprises two parts, ingredient receiving capsule body 

or dissolved therein, is formed in a presently preferred member 21 and a cap member 22 as seen in FIG. 6. 

embodiment of an anhydrous, heat sensitive, hydro- 25 Capsule member 21 surrounds space 26 containing a 

philic or hydrophobic material that exhibits solid-like beneficial agent 27, identified by dots, a thermo-respon- 

properties at room temperature of 21* C, and within a sive heat sensitive composition 28, identified by wavy 

few centrigrade degrees thereof, and exhibits a melting lines, and an expandable, swellable piston-like driving 

point that approximates mammalian body temperatures member 29 that is in parallel arrangement with the inter- 

of 37* C, and with a few centrigrade degrees thereof. 30 faced contacting surface of composition 29. The matc- 

The present invention uses the phrases "melting point", rial comprising the parts of FIG. 5 are formed of materi- 

' 'softening point", or "liquifies" to indicate the tempera- als discussed for FIGS. 1-3, and they are further dis- 

ture at which the thermo-responsive composition melts, cussed later in the specification, 

undergoes dissolution, or dissolves to form a dispens- FIG. 6 is an opened view of FIGS. 4 and 5. FIG. 6 

able carrier so it can be used for dispensing agent 15 35 depicts dispenser 20 capped with 22. In FIG. 6, cap 22 

from dispenser 10. is fitted over capsule body 21 after the larger body 21 is 

FIG. 3 depicts dispenser 10 of FIGS. 1 and 2 in opera- filled with all the preselected appropriate drugs, heat- 
tion delivering beneficial agent 15 to a fluid environ- sensitive compositions and driving members. In FIG. 6, 
ment of use. In operation, when in the environment of after cap 22 is fitted over body 21, a semipermeable wall 
use having a temperature of 37* C. within a few degrees, 40 23 is applied over the exterior surface of body member 
dispenser 10 delivers agent 15 by a combination of ther- 21 and cap 22. In another manufacture, capsule body 21 
modynamic and kinetic activities. This is, in operation is filled with the respective ingredients and a semiper- 
heat-sensitive composition 16 melts and forms a fluidic, meable wall applied except for the mouth, and then it is 
a semi-solid, or a like deliverable phase, for delivering capped with cap 22. Then cap 22 telescoped over body 
agent 15 through passageway 18. As composition 16 45 21 is coated with a semipermeable wall 23. A passage- 
melts, fluid is imbibed through semipermeable wall 12 way 30, in either manufacture is drilled through the 
by hydrophilic member 17 in a tendency towards os- semipermeable wall 23 and capsule wall 22 for dispens- 
motic equilibrium, to continuously swell, or expand or ing agent 27 from dispenser 20. FIG. 7 depicts device 20 
to fill, and increase the volume of member 17 and simul- in operation. In FIG. 7, the dispenser is depicted com- 
taneously member 17 expands in compartment 14 while 50 prising only semipermeable wall 23 nearing the end of 
substantially maintaining an intact immiscible boundary the delivery period. Dispenser 20 operates in the man- 
at the interface. As external fluid is imbibed through ner described above for dispenser 10. 
semipermeable wall 12 into dispenser 10, capsule wall FIG. 8 depicts another embodiment provided for 
13 formed of a fluid dissolvable material slowly dis- enhancing the manufacture and the usefulness of the 
solves and lubricates the inside of the dispenser which 55 dispenser. In FIG. 8, there is illustrated a body such as 
assists in the undisturbed expansion of member 17 and the body portion 31 in a preferred embodiment, a cap- 
the resultant continuous release of composition 16. Con- sule, having an expandable plug 32 inserted into mouth 
constantly, as volume increasing member 17 increases 33 of body portion 31. The body member can be made 
its volume, it applies pressure against composition 16 of a semipermeable material or of a hydrophilic mate- 
urging composition to decrease its volume! The simulta- 60 rial. A passageway 34 is drilled through wall 35 of body 
neous occurrences of the expansion of member 17, the portion 31 distant from expandable plug 32 for inserting 
contraction of compartment 14, and the melting of com- a filling instrument into body portion 31 for filling space 
position 16 causes composition 16 containing agent 15 36. FIG. 9 depicts space 36 filled with a thermo-sensi- 
to be delivered through passageway 18 to the exterior tive composition 37 containing beneficial agent 38. 
of dispenser 10. FIGS. 2 and 3 considered together 65 After the space is filled, the body or the capsule is 
illustrate dispenser 10 in operation delivering agent 15. coated and surrounded with a semipermeable wall 39. 
FIG. 2 depicts dispenser 10 at the beginning of an agent The semipermeable wall provides in either embodiment 
delivery period, and FIG. 3 depicts dispenser 10 nearing a means for imbibing fluid into expandable member 32 
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and it closes mouth 33, thereby assuring that expansion passage of fluid and substantially impermeable to the 
of plug 32 will be unidirected in space 36 towards pas- passage of useful agent as described hereafter, 
sageway 34. In this manufacture a passageway 34 is The osmotic soft capsule as used by the present in- 
drilled through the semi-permeable wall in linear ar- vention, prcferrably in its final form, comprises one 
rangement with the passageway in the capsule wail for 5 piece. Generally, the osmotic soft capsule is of sealed 
delivering agent 38 from the capsule. In another manu- construction encapsulating the useful agent formulation 
facture a semipermeable wall 39 is coated around an therein. The soft capsule is made by various processes 
empty capsule member having a plug in its mouth, a including the plate process, the rotary die process, the 
passageway is drilled through the semipermeable wall reciprocating die process, and the continuous process, 
and the capsule wall, and then the capsule space is filled U> The plate process uses a set of molds. A warm sheet of 
with a thermo-sensitive composition containing benefi- a prepared capsule laniina-fonning material is laid over 
^ a g en t the lower mold and the agent formulation poured on it 

While FIGS. 1 through 9 illustrate various dispensers A second sheet of the lamma-forming material is placed 

that can be made according to the invention, it is to be ovcr a 8 ent formulation followed by the top mold, 

understood those dispensers are not to be construed as 15 The mold set is placed under a press and a pressure 

limiting the invention, as the dispenser can take a wide with or without heat to form a unit, soft cap- 

variety of shapes, sizes and forms for delivering benefi- ?^ ™e capsules are washed with a solvent for remov- 

cial agents to the environment of use. For example, the c f ~ a *f Ration from the exterior of the 

dispenser can be made for oral use and the dispenser can _ capsule, and the air-dned capsule is capsulated with a 

be adapted for use as a buccal, implant, artificial gland, 20 l ™ of * semipermeable material, 

cervical intrauterine, ear, nose, dermal, vaginal ano- ^ ^ dl 5 P rocess . tw ° ^ntmuous fdms of 

rectal, Airmnal, such as the reticulum of^tUe, and ca P sule <amina-fonmng material that are brought into 

, ' ' . *x*i_ j* 11. convergence between a pair of revolving dies and an 

subcutaneous dispenser. The dispenser also can be , , • _-_ * « z*. , . 

Sed, sized andWuctured and adapted for delivering „ ^ e ? tor ^ The process fills and seals the capsule m 

p 'r' ~^ " F r . , c , . 6 25 dual and coincident operations. In this process, the 

an active agent in streanis aquanums, fields factories, ^ Qf e la ^ formin material * m fed over 

reservoirs, laboratory facilities hot houses, transports ^ de foU ^ d ^ down between the wcd mjector 

Uon means, hospitals, naval and mihtary means veten- ^ ^ ^ roUs ^ formulation to ^ capsuled 

nary clinics, nursing homes, farms, zoos, sickrooms, flows b ^ mtQ a ^ ^ Uccmcnt 

chemical reactors, and other environments of use. 3Q ^ e pump ^ agent formulation th^gh the 

DETAILED DESCRIPTION OF THE wedge injector and into the sheets between the die rolls. 

INVENTION The bottom of the wedge contains small orifices lined 
, . , , , . . up with the die pockets of the die rolls. The capsule is 
In accordance with the practice of this invention, it abom half . sealed when ^ pressure of pumped agent 
has now been surprisingly found that dispenser 10 and 33 formulation forces the sheets into the die pockets, 
dispenser 20 can be made with a capsule that possess wherein the soft capsules are simultaneously filled, 
two distinct forms, classified for the purpose of this shaped, hermetically sealed and cut from the sheets of 
invention, as osmotic hard capsule and osmotic soft lamma-forming materials. The sealing of the soft cap- 
capsule. The osmotic hard capsule is composed of two su ] c ^ acn ieved by mechanical pressure on the die rolls 
parts, a cap and a body, which are fitted together after 40 ^ by heating of the sheets of lamma-forming materials 
the larger body is filled with a.preselected appropriate Dy ^ we dge. After manufacture, the agent formula- 
agent formulation. This is done by slipping or telescop- tion-fiUed capsules are dried in the presence of forced 
ing the cap section over the body section, thus com- ^ ^ a semipermeable lamina capsuled thereto, by 
pletely surrounding and encapsulating the useful agent processes described hereafter. 

formulations. Hard capsules are made by dipping molds 45 The reciprocating die process produces soft capsules 
into a bath containing a solution of a capsule lamina- 0 y leading two films of capsule larnma-forming mate- 
forming material to coat the mold with the material. rial between a set of vertical dies. The dies as they close, 
Then, the molds arc withdrawn, cooled, and dried in a open and close, perform as a continuous vertical plate 
current of air. The capsule is stripped from the mold forming row after row of pockets across the film. The 
and trimmed to yield a lamina member with an internal 50 pockets are filled with agent formulation, and as the 
lumen. The engaging cap that telescopically caps the pockets move through the dies, they are sealed, shaped 
agent formulation receiving body is made in a similar and cut from the moving film as capsules filled with 
manner. Then, the closed and filled osmotic capsule is agent formulation. A semipermeable lamina is coated 
capsuled with a semipermeable wall or lamina. The thereon to yield the osmotic, soft capsule dispenser. The 
semipermeable wall can be applied to capsule parts 55 continuous process is a manufacturing system that also 
either before or after the parts are joined into the final uses rotary dies with the added feature that the process 
capsule. In another embodiment, the hard capsules can can successfully fill active agent in dry powder form 
be made with each part having, matched locking rings into a soft capsule, in addition to encapsulating liquids, 
near their opened end that permit joining and locking The filled, soft capsule of the continuous process is 
together the overlapping cap and body after filling with 60 encapsulated with a semipermeable polymeric material 
agent formulation. In this embodiment, a pair of to yield the osmotic soft capsule, 
matched locking rings are formed into the cap portion The dispenser of this invention can be provided with 
and the body portion, and these rings provide the lock- a wall comprising a semipermeable material that does 
ing means for securely holding together the capsule. not adversely affect a host or animal, is permeable to the 
The capsule can be manually filled with the agent for- 65 passage of an external aqueous type fluid, such as water 
mulation, or it can be machine filled with the agent and biological fluids, while remaining essentially imper- 
formulation. In the final manufacture the hard capsule is meable to the passage of agents, including drugs, and 
capsuled with a semipermeable lamina permeable to the maintains its integrity in the presence of a thermotropic 
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thermo-responsive composition, that is it does not melt 3,276,586; 3,541,005; 3,541,006, and 3,546,142; selec- 

or erode in said presence. The selectively semiperme- tively semipermeable silicon rubbers; semipermeable 

able materials forming the outer wall are substantially polymers as disclosed by Loeb and Sourirajan in U.S. 

insoluble in fluids, they are nontoxic, and they are non- Pat No. 3,133,132; semipermeable polystyrene deri- 

erodible. 5 vates; semipermeable poly(sodium styrenesulfonate); 

Representative materials for forming the semiperme- semipermeable poly(vmylbenzyltrimethyl) ammonium 
able wall include semipermeable homopolymers, semi- chloride; semipermeable polymer exhibiting a fluid per- 
permeable copolymers, and the like. In one embodiment meability of 10- 1 to 10- 7 (cc mil/cm 2 hr.atm) expressed 
typical materials include cellulose esters, cellulose as per atmosphere of hydrostatic or osmotic pressure 
monoesters, cellulose diesters, cellulose tri esters, cellu- 10 difference across a semi-permeable wall The polymers 
lose ethers, cellulose ester-ethers and mixtures thereof. are known to the art. in U.S. Pat Nos. 3,845,770; 
These cellulosic polymers have a degree of substitution, 3,916,899, and 4,160,020, and in Handbook of Common 
D.S., on their anhydroglucose unit from greater than 0 Polymers, by Scott, J. R. and Roff, W. J., 1971, pub- 
up to 3 inclusive. By degree of substitution is meant the lished by CRC Press, Cleveland, Ohio, 
average number of hydroxyl groups originally present 15 The materials used for forming the swellable, expand- 
on the anhydroglucose unit that are replaced by a sub- able inner member or layer and the plug, are polymeric 
stituting group, or converted into another group. The materials neat, and polymeric materials blended with 
anhydroglucose unit can be partially or completely osmotic agents that interact with water or a biological 
substituted with groups such as acyl alkanoyl, aroyl, fluid, absorb the fluid and swell or expand to an equilib- 
alkyl, alkenyl, alkoxy, halogen, carboalkyl, alkylcarba- 20 rium state. The polymer exhibits the ability to retain a 
mate, alkylcarbonate, alkylsulfonate, alkylsulfamate, significant fraction of imbibed fluid in the polymer mo- 
and like semipermeable polymer forming groups. lecular structure. The polymers in a preferred embodi- 

The semipermeable materials typically include a ment are gel polymers that can swell or expand to a 

member selected from the group consisting of cellulose very high degree, usually exhibiting a 2 to 50 fold vol- 

acylate, cellulose diacylate, cellulose triacylate, cellu- 25 ume increase. The swellable, hydrophilic polymers, also 

lose acetate, cellulose diacetate, cellulose triacetate, known a osmopolymers can be noncross-linked or 

mono-, di- and tri-cellulose alkanylates, mono-, di- and lightly cross-linked. The cross-links can be covalent or 

tri-alkenylates, mono-, di- and tri-aroylates, and the like. ionic bonds with the polymer possessing the ability to 

Exemplary polymers including cellulose acetate having swell in the presence of fluid, and when cross-linked it 

a D.S. of 1.8 to 2.3 and an acetyl content of 32 to 39.9%; 30 will not dissolve in the fluid. The polymer can be of 

cellulose diacetate having a D.S. of 1 to 2 and an acetyl plant, animal or synthetic origin. Polymeric materials 

content of 21 to 35%; cellulose triacetate having a D.S useful for the present purpose include poly(hydroxyal- 

of 2 to 3 and an acetyl content of 34 to 44.8%, and the kyl methacrylate) having a molecular weight of from 

like. More specific cellulosic polymers include cellulose 5,000 to 5,000,000; poly(vinylpyrrolidone) having a 

propionate having a D.S. of 1.8 and a propionyl content 35 molecular weight of from 10,000 to 360,000; anionic and 

of 38.5%; cellulose acetate propionate having an acetyl cationic hydrogels; poly (electrolyte) complexes; poly(- 

content of 1.5 to 7% and an acetyl content of 39 to 42%; vinyl alcohol) having a low acetate residual; a swellable 

cellulose acetate propionate having an acetyl content of mixture of agar and carboxymethyl cellulose; a swell- 

2.5 to 3%, an average propionyl content of 39.2 to 45% able composition comprising methyl cellulose mixed 

and a hydroxyl content of 2.8 to 5.4%; cellulose acetate 40 with a sparingly crosslinked agar; a water-swellable 

butyrate having a D.S. of 1.8, an acetyl content of 13 to copolymer produced by a dispersion of finely divided 

15%, and a butyryl content of 34 to 39%; cellulose copolymer of maleic anhydride with styrene, ethylene, 

acetate butyrate having an acetyl content of 2 to 29.5%, propylene, or isobutylene; water swellable polymer of 

a butyryl content of 17 to 53%, and a hydroxyl content N- vinyl lactams; and the like. 

of 0.5 to 4.7%; cellulose triacylates having a D.S. of 2.9 45 Other gelable, fluid imbibing and retaining polymers 
to 3 such as cellulose trivalerate, cellulose trilaurate, useful for forming the hydrophilic, expandable push 
cellulose tripalmitate, cellulose trioctanoate, and cellu- member include pectin having a molecular weight rang- 
lose tripropionate; cellulose diesters having a D.S. of 2.2 tog from 30,000 to 300,000, polysaccharides such as 
to 2.6 such as cellulose disuccinate, cellulose dipalmi- agar, acacia, karaya, tragacanth, algins and guar; Car- 
tate, cellulose dioctanoate, cellulose dicarpylate and the 50 bopol ® acidic carboxy polymer and its salt derivatives; 
like; mixed cellulose esters such as cellulose acetate polyacrylamides; water-swellable indene maleic anhy- 
valerate, cellulose acetate succinate, cellulose propio- dride polymers; Good-rite ® polyacrylic acid having a 
nate succinate, cellulose acetate octanoate, cellulose molecular weight of 80,000 to 200,000; Polyox ® poly- 
valerate palmitate, cellulose acetate heptonate, and the ethylene oxide polymers having a molecular weight of 
like. Semipermeable polymers are known in U.S. Pat. 55 100,000 to 5,000,000, and greater; starch graft copoly- 
No. 4,077,407, and they can be made by procedures mers; polyanions and polycations exchange polymers; 
described in Encyclopedia of Polymer Science and Tech- starch-polyacrylonitrile copolymers. Aqua-Keep ® 
nology, Vol 3, pages 325 to 354, 1964, published by acrylate polymers with water absorbability of about 400 
Interscience Publishers, Inc., New York. times its original weight; diesters of polyglucan; a mix- 
Additional semipermeable polymers include acetal- 60 ture of cross-linked polyvinyl alcohol and poly(N- 
dehyde dimethyl cellulose acetate; cellulose acetate vinyl-2-pyrrolidone); zein available as prolamine; poly- 
ethylcarbamate; cellulose acetate methylcarbamate; (ethylene glycol) having a molecular weight of 4,000 to 
cellulose dimethylaminoacetate; semi-permeable poly- 100,000; and the like. In a preferred embodiment, the 
amides; semipermeable polyurethanes; semi-permeable expandable wall is formed from polymers and poly- 
polysulfanes; semipermeable sulfonated polystyrenes, 65 meric compositions that are thermofonnable. Represen- 
cross-linked, selectively semipermeable polymers tative polymers possessing hydrophilic properties are 
formed by the coprecipitation of a polyanion and a known in U.S. Pat. Nos. 3,865,108; 4,002,173; 4,207,893; 
polycation as disclosed in U.S. Pat Nos. 3,173,876; 4,327,725, and in Handbook of Common Polymers; by 
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Scott and Roff f published by Cleveland Rubber Com- polysorbate 60, 36*-37* C; 77.5% hydrogenated vege- 

pany, Cleveland, Ohio. table oil, 20% sorbitan trioleate, 2.5% beeswax and 

The osmotically effective compound that can be used 5.0% distilled water, 37 # -38* C; mono-, di- f and triglyc- 

neat or it can be blended homogeneously or heteroge- erides of acids having from 8-22 carbon atoms includ- 

neously with the swellable polymer, to form a push 5 ing saturated and unsaturated acids such as palmitic, 

member, are the osmotically effective solutes that are stearic, oleic, lineolic, linolenic and archidonic; triglyc- 

soluble in fluid imbibed into the swellable polymer, and erides of saturated fatty acids with mono- and diglycer- 

exhibit an osmotic pressure gradient across the semiper- ides 34 Q -35.5* C; propylene glycol mono- and distea- 

meable wall against an exterior fluid Osmotically effec- rates 33'-34" C; partially hydrogenated cottonseed oil 

tive compounds are known also as osmagents. Osmoti- 10 35"-39* G; a block polymer of polyoxyl-alkylene and 

cally effective osmagents useful for the present purpose propylene glycol; block polymers comprising 1,2-guty- 

include solid compounds selected from the group con- lene oxide to which is added ethylene oxide; block co- 

sisting of magnesium sulfate, magnesium chloride, so- polymers of propylene oxide and ethylene oxide; hard- 

dium chloride, lithium chloride, potassium sulfate, so- ened fetty alcohols and fats 33*-36' G; hexadienol and 

dium sulfate, mannitol, urea, sorbitol, inositol, sucrose, 15 hydrous lanolin triethanolamine glyceryl monostearate 

glucose, and the like. The osmotic pressure in atmo- 38* G; eutectic mixtures of mono-, di-, and triglycerides 

spheres, ATM, of the osmagents suitable for the inven- 35'-39* C; Witepsol ®#15, triglyceride of saturated 

don will be greater than zero ATM, generally from vegetable fatty acid with monoglycerides 33.5*-35.5* 

zero ATM up to 500 ATM, or higher. C; Witepsol ®H32 free of hydroxyl groups C; 

The swellable, expandable polymer, in addition to 20 Witepsol ®W25 having a saponification value of 
providing a driving source for delivering a beneficial 225-240 and a melting point of 33.5 °-35.5° C.;Witepsol- 
agent from the dispenser, further serves to function as a ®E75 having a saponification value of 220-230 and a 
supporting matrix for an osmotically effective solute. melting point of 37*-39* C; a polyalkylene glycol such 
The osmotic solute can be homogeneously or heteroge- as polyethylene glycol 1000, a linear polymer of ethyl- 
neously blended with the polymer to yield the desired 25 ene oxide, 38°-4r C; polyethylene glycol 1500, melt- 
expandable wall or expandable pocket. The composi- ing at 38°-41* C; polyethylene glycol monostearate 
tion in a presently preferred embodiment comprises (a) 39°-42.5° C; 33% polyethylene glycol 1500, 47% poly- 
at least one polymer and at least one osmotic solute, or ethylene glycol 6000 and 20% distilled water 39°-4r 
(b) at least one solid osmotic solute. Generally, a com- C; 30% polyethylene glycol 1500, 40% polyethylene 
position will comprise about 20% to 90% by weight of 30 glycol 4000 and 30% polyethlene glycol 400, 33°-38° 
polymer and 80% to 10% by weight of osmotic solute, C; mixture of mono-, di-, and triglycerides of saturated 
with a presently preferred composition comprising 35% fatty acids having 11 to 17 carbon atoms, 33*-35* C, 
to 75% by weight of polymer and 65% to 25% by and the like. The thermo-responsive composition is a 
weight of osmotic solute. means for storing a beneficial agent in a solid composi- 

The term thermo-responsive as used for the purpose 35 tion at a temperature of 20°-33 a C, main t ainin g an im- 
of this invention includes thermoplastic compositions miscible boundary at the swelling composition inter- 
capable of softening, or becoming dispensable in re- face, and for dispensing the agent in a flowable compo- 
sponse to heat and hardening again when cooled. The sition at a temperature greater than 33° C, and prefera- 
tenn also includes thermotropic compositions capable bly in the range of 33*-40' 1 C. The thermo-responsive 
of undergoing change in response to the application of 40 composition on being dispensed into a biological envi- 
energy in a gradient manner. These are temperature ronment are easily excreted, metabolized, assimilated, 
sensitive in their response to the application or with- or the like, for effective use of the beneficial agent, 
drawl of energy. The term thermo-responsive as used The materials used for forming the capsule are the 
for the purpose of this invention in a preferred embodi- commercially available materials including gelatin, gel- 
ment denotes the physical-chemical property of a com- 45 atin having a viscosity of 5 to 30 millipoises and a bloom 
position agent carrier to exhibit solid, or solid-like prop- strength up to 150 grams; gelatin having a bloom value 
erties at temperatures up to 33* C, and become fluid, of 160 to 250; a composition comprising gelatin, glycer- 
semisolid, or viscous when disturbed by heat at temper- ine water and titanium dioxide; a composition compris- 
atures from 32* C, usually in the range of 32* to 40* C. ing gelatin, erythrosin, iron oxide and titanium dioxide; 
The thermo-responsive carrier is heat-sensitive and it 50 a composition comprising gelatin, glycerine, sorbitol, 
has the property of melting, dissolving, undergoing potassium sorbate and titanium dioxide; a composition 
dissolution, softening, or liquifying and thereby forming comprising gelatin, acacia, glycerin and water; and the 
a dispensable composition at the elevated temperatures, like. 

thereby making it possible for the dispenser to deliver The term beneficial agent as used herein means any 
the thermo-responsive carrier with the beneficial agent 55 composition, formulation, mixture, or compound that 
homogeneously or heterogeneously blended therein. can be dispensed to produce a predetermined beneficial 
The thermo-responsive carrier can be lipophilic, hydro- and useful result. The beneficial agents include algi- 
philic or hydrophobic. Another important property of cides, antioxidants, air purifiers, biocides, catalysts, 
the carrier is its ability to maintain the stability of the chemical reactants, cosmetics, drugs, disinfectants, fun- 
agent contained therein during storage and during de- 60 gicides, foods, fertility inhibitors, fertility promoters, 
livery of the agent. Representative thermo-responsive food supplements, fermentation agents, germicides, 
compositions and their melting points are as follows: insecticides, microorganism attenuators, nutrients, plant 
Cocoa butter 32*-34 a C; cocoa butter plus 2% bees- growth promoters, plant growth inhibitors, preserva- 
wax 35*-37* C; propylene glycol monostearate and tives, surfactants, sterilization agents, sex sterilants, 
distearate 32°-35° C; hydrogenated oils such as hydro- 65 vitamins, and other compositions that benefit the envi- 
genated vegetable oil 36*-37.5* C; 80% hydrogenated ronment, surrounds, habitats and animals. The agent 
vegetable oil and 20% sorbitan monopalmitate can be insoluble to very soluble in the temperature 
39-39.5%; 80% hydrogenated vegetable oil and 20% sensitive material housed in the dispenser. 
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In the specification and the accompanying claims, the ethyl ether, isopropyl ether, cyclohexane, cyclooctane, 
term drug includes any physiologically or pharmaco- benzene, toluene, naphtha, 1,4-dioxane, tetrahydrofu- 
logically active substance that produces a local or sys- ran, diglyme, water, and mixtures thereof such as ace- 
temic effect in nnimnk, including warm blooded mam- tone and water, acetone and methanol, acetone and 
mals, humans and primates, avians, pisces, household, S ethyl alcohol, methylene dichloride and methanol, and 
sport and farm animals, laboratory animals, and zoo ethylene dichloride and methanol. Generally, for the 
animals. The term physiological as used herein denotes present purpose the semipermeable wall is applied at a 
the administration of a drug to produce normal levels temperature a few degrees less than the melting point of 
and functions. The term pharmacological denotes varia- the thermo-responsive composition. Or, the thermo- 
tions in response to amounts of drug administered to the 10 plastic composition can be loaded into the dispenser 
host Stedman's Medical Dictionary, 1966, published by after applying the semipermeable wall. 
Williams and Wilkins, Baltimore, MD. The active drug The expression orifice or passageway as used herein 
that can be delivered includes inorganic and organic comprises means and methods in the wall suitable for 
drugs, drags that are solid, drugs that are an oil, without releasing a beneficial agent formulation from the dis- 
limitations, those drugs that act on the nervous system, 15 pcnser. The orifice can be formed by mechanical or 
depressants, hypnotics, sedatives, psychic energjzers, laser drilling, or by eroding an erodible element in the 
tranquilizers, anticonvulsants, muscle relaxants, antipar- wall, such as a gelatin plug. The orifice can be a poly- 
kinson agents, analgesics, anti-inflammatory, and- mer inserted into the semipermeable wall, which poly- 
materials, hormonal agents, contraceptives, sympatho- mer is a porous polymer and has at least one pore, or 
mimetics, diuretics, antiparasitics, neoplastics, hypo- 20 which polymer is a microporous polymer and has at 
glycemics, ophthalmics, electrolytes, diagnostics, and least one micro-pore. A detailed description of orifices 
cardiovascular drugs. The amount of agent present in and the preferred maxium and minimum dimensions for 
the dispenser can be from 0.05 ng to 20 g or more. For an orifice are disclosed in U.S. Pat Nos. 3,845,770 and 
medical applications, the dispenser can contain various 3,916,899. 

amounts, for example 25 ng, 1 mg, 5 mg, 125 mg, 250 25 n p<irttTPTrOK OF FYAMPT P<5 OF THF 
mg, 500 mg, 750 mg, 1.5 g, and the like. The dispenser DESCRIFT lONO^KC^ffLES OF THE 

can be used once, twice, or thrice daily; the dispenser 

can be used twice a week, and the like* The following examples are merely illustrative of the 

The semipermeable wall forming composition can be present invention and they should not be construed as 
applied to the exterior surface of the capsule in laminar 30 limiting the scope of the invention in any way, as these 
arrangement by molding, forming, air spraying, dipping examples and other equivalents thereof will become 
or brushing with a semipermeable wall forming compo- more apparent to those skilled in the art in the light of 
sition, Other and presently preferred techniques that the present disclosure, the drawings and the accompa- 
can be used for applying the semipermeable wall are the nying claims, 
air suspension procedure and the pan coating proce- 35 

dures. The air suspension procedure consists in suspend- EXAMPLE 1 

ing and tumbling the capsule arrangement in a current A dispenser is prepared as follows: First, the body 
of air and a semipermeable wall forming composition section of a two piece capsule is positioned with its 
until the wall surrounds and coats the capsule member. mouth in an upright position and the hemispherical end 
The procedure can be repeated with a different semi- 40 of the capsule charged with a layer of an expandable- 
permeable wall forming composition to form a semiper- swellable composition. The composition comprises 
meable laminated wall. The air suspension procedure is 30% by weight of sodium chloride and 70% by weight 
described in U.S. Pat No. 2,799,241; J. Am. Phanru of polyethylene oxide) having a molecular weight of 
Assoc, Vol. 48, pages 451 to 459, 1979; and ibid, Vol. 49, 3,000,000. The expandable forming ingredients are 
pages 82 to 84, I960. Other standard manufacturing 45 blended in a commercial blender with heat for 20 min- 
procedures are described in Modern Plastics Encyclope- utes to yield a homogenous composition. The heated 
dia, Vol. 46, pages 62 to 70, 1969; and in Pharmaceutical composition is charged into the hemispherical end of 
Sciences, by Remington, 14th Edition, pages 1626 to the capsule forming a layer that occupies about i of the 
1678, 1970, published by Mack Publishing Co., Easton, capsule. Next, the body section of the capsule is capped 
PA. so with the cap section of the capsule and a filling port is 

Exemplary solvents suitable for manufacturing the drilled through the cap for communicating with the 
semi-permeable wall include inert inorganic and or- lumen of the assembled capsule. Then, a heat sensitive 
ganic solvents that do not adversely harm the materials, drug formulation is passed through the filling port into 
the capsule wall, the beneficial agent, the thermo- the lumen of the capsule filling the lumen. Finally, a 
responsive composition, the expandable member, and 55 semipermeable wall is applied around the assembled 
the final dispenser. The solvents broadly include mem- capsule and an exit passageway drilled through the 
bers selected from the group consisting of aqueous sol- semipermeable wall communicating with the filling 
vents, alcohols, ketones, esters, ethers, aliphatic hydro- port for dispensing drug formulation from the dis- 
carbons, halogenated solvents, cycloahphatics, aromat- penser. 
ics, heterocyclic solvents and mixtures thereof. Typical 60 

solvents include acetone, diacetone alcohol, methanol, EXAMPLE 2 

ethanol, isopropyl alcohol, butyl alcohol, methyl ace- A dispenser is prepared as follows: First, the body 
tate, ethyl acetate, isopropyl acetate, n-butyl acetate, section of a two piece capsule is positioned with its 
methyl isobutyl ketone, methyl propyl ketone, n-hex- opened mouth in an upright position and the curved 
ane, n-heptane, ethylene glycol monoethyl ether, ethyl- 65 hemispherical end of the capsule is filled with a 500 mg 
ene glycol monoethyl acetate, methylene dichloride, layer of Cyanamer® polyacrylamide, a hydrogel of 
ethylene dichloride, propylene dichloride, carbon tetra- approximately 200,000 mol. wt. Next, the body section 
chloride, nitroethane, nitropropane, tetrachloroethane, of the capsule is capped with the cap section of the 
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capsule. Then, a semipermeable wall is formed around Next, the cap of the capsule is dipped in water to a 
the assembled capsule. The semipermeable wall is couple of millimeters and then the cap is slipped over 
formed by blending 85 g of cellulose acetate having an the mouth end to cover the open body section of the 
acetyl content of 39.8% with 200 ml of methylene chic- capsule. The water causes the cap and body members of 
ride and 200 ml of methanol, and spray coating the 5 the capsule to bond in a firm relationship. Next, a 50 mil, 
assembled capsule in an air suspension machine until a 1.3 mm, exit port is drilled through the cap end of the 
0.25 mm thick semipermeable wall surrounds the cap- assembled gelatin capsule. Then, 9.9 g of a thermo-sen- 
sule. The capsule is dried, and a 1.0 mm passageway is sitive drug formulation consisting of a 15% suspension 
laser drilled through the semipermeable wall and the of theophylline with 8% Cabosil (g anhydrous in poly- 
capsule wall communicating with the lumen of the cap- 10 ethylene glycol 400 distearate is charged through the 
sule. Next, a heat sensitive enteric mixture of 77% neu- into the drug chamber of the capsule at 50* C. 

tral fat having a melting point of 35*-37" C. and 19.5% forming a lamina in intimate contact with the expand- 
paraffin having a melting point of 52* C, is heated and ao | c p j U g at fa c hemispherical end of the capsule. The 
liquified, and 3.5% acetylsalicylic acid added thereto. thermo-responsitive drug formulation additionally 
Then, the heated mixture is cooled to about 40* C, 13 cont acts the inside gelatin capsule wall. Next, the as- 
injected through the passageway into the lumen of the sembled dosage form capsule is coated with a surround- 
capsule, and the dispenser cooled to room temperature. mg wall 0 f cellule acetate butyrate containing 10% 
EXAMPLE 3 polyethylene glycol 400. The semipermeable wall is 

applied in a pan Hi-coater. The solvent used for forming 

A dispenser for delivering a beneficial agent to a 20 ^ ^ essentially of methylene chloride 

warm-blooded animal is prepared a follows: A mold methanol &&&& consisting of 95 parts by weight to 5 
having a shape and a configuration corresponding to the b wd ht respectively. A 12 mil, 0.03 mm, thick 

mouth and internal diameter of the body portion of a wall of the ceUulo8e acetate butyrate is applied to the 
capsule, is fiUed with an expandable forming compost- extcrior surface of the ^ FIG. 10 shows the re- 
turn comprising 30 parte of ethyleneglycol monometh- 25 m ^ ^ ^ Q 
acrylate confcumng 0.12 parte o ^ethyleneglycol dime- ^ embodim e nt the invention pertains to a method 
thacylate anc I 10 parte of a 013% aqueous solution of fof admimstcrin a ^ w at a coaMSM rate 
sodium disulfate in ^ to the vaginal pLageway or to the ano-rectal passage 
polymerizes at 30 C, and after 20 » minutes following a warm-blooded animal, which method corn- 
equilibrium to room temperature, the solid layer is re- 30 y * V r 7*^ ^ • * *L 
moved from the mold. The sohd expandable layer then ^ *" ste P s <* < A > £ mttm 8 " t0 P^eway a 
isplacedmtothemouthofthec^psul^therebyfoming comprising: (1) an outer wall formed of a 
an internal drug compartment in the space between the semipermeable polymeric composition permeable to he 
curved hemispherical end of the capsule and the inner of r ™* substtntially impermeable to the 
surface of the layer of the expandable polymer. Next, a 35 P^? e of *™*> * c waU surrounding (2 a capsule 
filling-exit port is drilled through the hemispherical end containing * layer of a beneficial drug formulation in the 
connecting the exterior of the capsule with the interior compartment comprising a dosage unit amount of drug 
compartment The compartment can be filled with a fo r performing , a therapeutic program in a heat-sensitive 
heat-sensitive drug formulation at this time, or option- earner that melts at body temperature and is a means for 
ally it can be filled at a later time. 40 transporting the drug from the dispenser, (3) a layer of 

For example, the compartment can be fdled with a m expandable hydrogel in the capsule, said layer in 
molten composition comprising 2.5% phenobarbital, contacting arrangement with the drug formulation heat 
20.5% glycergelatin and 77% of theobroma oil, a glyc- sensitive composition; and, (4) an orifice through the 
eride of stearic, palmitic and lauric acids, to form on ontar wall and the capsule wall communicating with the 
cooling to room temperature the thermo-responsive 45 ^8 formulation heat-sensitive composition; (B) unbib- 
composition in laminar position with the expandable mg fluid through the semipermeable wall at a rate deter- 
lamina. Next, the body of the capsule is closed with the m^ed by the permeability of the semipermeable wall 
capsule cap by sliding the cap over the mouth of the and the osmotic pressure gradent across the semiperme- 
capsule. a ^ e wa ^ causing the layer of hydrogel to expand and 

Then, a solution of cellulose acetate, 15 wt %, with 50 swell; (Q melting the drug formulation to form a flow- 
an acetyl content of 39.8%, is prepared and the fully able formulation; and (D) delivering the beneficial drug 
assembled capsule coated with a semipermeable wall by formulation from the compartment by the layer contin- 
dipping it into the solution for 15 times, first for a 10 ually expanding against the melted formulation causing 
second dip, then for 1 minute per dip, with an interven- the formulation to be dispensed in a therapeutically 
ing 5 minutes drying period. Following the dipping the 55 effective amount through the orifice at a controlled rate 
dispeners are dried at room temperature of 72° F., about to the passageway to produce the desired medical effect 
22* C, for 10 days. This procedure applies about a 2 mm over a prolonged period of 1 hour to months, preferra- 
semipcrmeable wall. A passageway is laser drilled ( bly 1 hour to 24 hours. Exemplary of a drug that can be 
through the semipermeable wall connecting the exterior 'dispensed using the dispenser is conjugated estrogen 
of the dispenser with the filling-exit port and with the 60 dispensed in a formulation comprising 0.875 mg of con- 
thermo-responsive lamina. jugated estrogens in a heat sensitive base. 

Inasmuch as the foregoing specification comprises 
EXAMPLE 4 preferred embodiments of the invention, it is under- 

A dispenser for delivering a beneficial agent formula- stood that variations and modifications may be made 
tion is manufactured as follows: First, the hemispherical 65 herein in accordance with the inventive principles dis- 
end of a gelatin capsule is filled with 3.25 g of a molten closed, without departing from the scope of the inven- 
composition consisting essentially of 30% sodium chlo- tion. 
ride and 70% polyethylene oxide coagulant grade. We claim: 
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1. A process for manufacturing a dispenser for deliv- 
ering a beneficial agent to a biological environment of 
use, wherein the dispenser comprises: a capsule com* 

- prising a composition dissolvable at least in part in a 
fluid present in the environment in use said capsule 3 
comprising a mouthy a cap for the capsule and an exte- 
rior wall on the capsule, and wherein the process com- 
prises the step of: 

(a) forming a layer comprising a hydrophilic compo- 
sition into a shape corresponding to the internal 10 
shape of the mouth of the capsule; 

(b) inserting the layer through the mouth to the bot- 
tom of the capsule; 

(c) capping the mouth of the capsule with a cap de- 
signed to close the capsule to provide an assembled 1 S 
capsule; 

(d) surrounding the assembled capsule with an exte- 
rior wall permeable to the passage of fluid and 
substantially impermeable to the passage of a bene- 
ficial agent; and, 20 

(e) drilling a port through the wall and through the 
capsule distant from the layer for communicating 
with the interior of the dispenser. 

2. A process for manufacturing a dispenser compris- 
ing: 25 

a capsule comprising a composition dissolvable at 
least in part in fluid present in the environment in 
use and an exterior wall on the capsule for deliver- 
ing a beneficial agent to a biological environment 
of use, wherein the process comprises the steps of: 30 

(a) adding a composition into the bottom of the cap- 
sule, said composition comprising a beneficial 
agent and a pharmaceutically acceptable carrier for 
dispensing the beneficial agent to the biological 
environment; 35 

(b) adding means for expanding and assisting in the 
delivery of the beneficial agent into the capsule in 
contacting laminar arrangement with the composi- 
tion; 

(c) coating the exterior of the capsule with an exterior 40 
wall comprising a composition permeable to the 
passage of fluid and impermeable to the passage of 
the beneficial agent; and, 

(d) drilling an orifice through the jexterior wall and 
through the capsule for connecting the interior of 45 
the capsule and the composition for dispensing the 
beneficial agent to the environment of use. . 

3. A process for manufacturing a dispenser compris- 
ing a capsule comprising a composition dissolvable at 
least in part in fluid present in the environment in use 50 



18 

said capsule comprising a mouth and an exterior wall 
coated thereon for delivering a beneficial agent to a 
biological environment of use, wherein the process 
comprises the step of: 

(a) inserting means for imbibing fluid from the biolog- 
ical environment of use and for occupying an in- 
creasing volume of the capsule into the mouth of 
the capsule; 

(b) coating the exterior wall of the capsule with a 
semipermeable composition permeable to the pas- 
sage of fluid present in the environment of use; 

(c) drilling an orifice through the semipermeable wall 
and through the capsule distant from the means for 
imbibing fluid for communicating with the interior 
of the capsule; and, 

(d) filling the capsule through the orifice with a bene- 
ficial agent composition. 

4. A process for manufacturing a dispenser compris- 
ing: a two piece capsule comprising a composition dis- 
solvable at least in part in fluid present in the environ- 
ment in use, which capsule comprises a body member 
with an internal lumen and a cap, and an exterior wall 
thereon, for delivering a beneficial agent composition to 
a biological environment of use, wherein the process 
comprises the steps of: 

(a) , adding means for absorbing heat from the environ- 
ment of use into the lumen of the body member of 
a two piece capsule, which means comprises a 
beneficial agent and a carrier for the agent that 
absorbs heat from the biological environment 
when the dispenser is in operation in said environ- 
ment; 

(b) inserting means for imbibing fluid from the biolog- 
ical environment into the lumen for occupying an 
increasing volume of the lumen, said means for 
imbibing fluid in contact with the means for ab- 
sorbing heat; 

(c) capping the body member of the capsule with the 
cap to provide an assembled capsule; 

(d) coating the assembled capsule with an exterior 
semi-permeable wall permeable to the passage of 
fluid and substantially impermeable to the passage 
of beneficial agent; and 

(e) drilling an orifice through the semi-permeable 
wall and through the capsule for communicating 
with the means comprising the beneficial agent for 
dispensing the agent through the orifice from the 
dispenser over time to the environment of use. 

***** 
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